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ABSTRACT 
 
 
 
Cover crops are a valuable management tool to reduce soil and nutrient losses while 
retaining moisture, improving soil organic matter content, and stabilizing soil N during the 
winter months when the ground is normally left fallow. Cereal rye (Secale cereale L.) is 
commonly used as a winter cover crop in the Midwest due to its ability to withstand cold 
temperatures, reduce soil erosion, and scavenge soil N. However, it has been found that a 
cereal rye cover crop can sometimes reduce performance and yields in the following corn 
(Zea mays) crop. Past studies have suggested that reduced corn growth and yield are caused 
by allelopathic effects of cereal rye without considering the possibility that cover crops 
may be providing soil fungal pathogens with a living host, allowing greater populations to 
overwinter, and then infecting the following corn crop.  
The objectives of this study were to determine the effect of cover crop treatment, 
cover crop species, planting date, and corn fungicide seed coatings on corn growth, yield, 
and fungal infection rates through controlled environment and field experiments. In 
controlled environment experiments, corn following a cereal rye cover crop exhibited 
greater reductions in radicle length, extended leaf height, and corn shoot dry weight than 
corn following no cover crop. Additionally, corn following a cereal rye cover crop 
exhibited greater reductions in radicle length and greater fungal infection rates in roots than 
corn following hairy vetch (Vicia villosa Roth) or canola (Brassica napus L.) cover crops. 
The fungicide seed coating did not appear to prevent fungal root infection in corn following 
a rye cover crop. Field experiments examined the effect of planting date and cover crop 
treatment on corn performance. Corn planted later had greater corn leaf development, 
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extended leaf height, corn shoot dry weight, and radicle length than early planted corn, but 
had greater fungal infections in the radicle and mesocotyl. The effect of the cereal rye cover 
crop treatment was variable in the field experiments. Corn following a cereal rye cover 
crop did show reductions in corn development, population, and yields, but these data were 
often not consistent for both years. In general, a cereal rye cover crop has the ability to 
reduce corn growth and yields, but other factors may be impacting corn performance as 
well.  
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CHAPTER I: GENERAL INTRODUCTION 
 
Corn-soybean crop rotations have been shown to increase crop yields when 
compared to their respective monocultures. But soybeans are a relatively low residue 
crop and these residues decompose quickly, which leaves very little plant matter to cover 
and protect the surface of the soil. Compounding this problem, many farmers till fields 
after corn harvest to reduce surface residues to make planting and field operations easier 
the following spring. This results in fields that are relatively bare and have no living 
plants for 6 months out of the year. Bare soils without living plants are more susceptible 
to soil and nutrient losses via erosion and runoff and to losses of nitrogen (N) via 
leaching. If soils are left exposed and unprotected for long periods of time, a loss in 
productivity may occur. To prevent these soil and nutrient losses, and thus maintain the 
integrity and productivity of their fields, farmers may employ the use of cover crops.  
Cover crops can serve as a living cover component when a cash crop is not 
present, and they offer many environmental benefits. Cereal rye has the ability to 
withstand cold temperatures and is relatively easy to establish, making it a popular cover 
crop in the Midwest. The use of cereal rye as a cover crop is problematic, however, in 
that it has been connected to a subsequent reduction in corn yield. Previous studies have 
investigated the role of exudation of allelopathic compounds by the rye cover crop or 
immobilization of soil N as potential causative factors in this yield reduction. However, 
as of yet no clear cause has been determined. The studies described in this thesis examine 
the possibility that the cover crop is serving as a “green bridge” for soil fungal pathogens. 
We hypothesize that the living rye cover crop hosts soil fungal pathogens such as 
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Fusarium sp. and Pythium sp., allowing greater populations of these pathogens to 
overwinter and leading to larger pathogenic populations being present during corn 
germination. Furthermore, all of our experiments used an interval of no more than 3 days 
between the killing of the cover crop, and the planting of corn, to optimize the time 
period in which the most fungal infections would take place. 
The first chapter of this thesis determines the effects that cover crop species and 
corn fungicide seed coating have on corn shoot and root growth, root and mesocotyl 
infection, and fungal population in a controlled environment setting. The second chapter 
of this thesis describes a field experiment that details what effects the cover crop 
treatment and planting date have on corn performance, root and mesocotyl infection, and 
yield. Overall, the objective of this thesis was to determine how cover crop treatment, 
planting date, and corn fungicide seed coatings can influence and impact corn growth and 
fungal infections of corn roots, with the ultimate goal of preventing corn crop yield 
reductions following cover crops.  
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Thesis Organization 
This thesis is organized into four chapters, with each addressing the effects of a 
cereal rye cover crop on corn growth and yield. The first chapter is a general introduction 
that emphasizes the importance of this study. The second chapter is titled, “The effect of 
cover crop and corn fungicide seed treatment on corn root and shoot growth in a 
controlled environment.” The third chapter is titled, “The effect of cereal rye cover crop 
and planting date on corn root and shoot growth in field experiments.” The fourth chapter 
summarizes the general conclusions of this study. The second and third chapters include 
an abstract, introduction, materials and methods, results and discussion, summary and 
conclusions, references, and tables.  
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CHAPTER II: THE EFFECT OF COVER CROP AND CORN FUNGICIDE SEED 
TREATMENT ON CORN ROOT AND SHOOT GROWTH IN A CONTROLLED 
ENVIRONMENT 
 
Abstract 
Cover crops are grown between the maturity of one crop and the planting of 
another, and can decrease soil and nutrient losses. Cereal rye (Secale cereale L.) is 
commonly used as a cover crop in the Midwest due to its ability to withstand low 
temperatures, but cereal rye has been known to reduce yields in the following corn (Zea 
mays L.) crop when corn is planted directly after spraying the cover crop. One possible 
reason for this could be that cereal rye cover crops are acting as a “green bridge” or host 
for soil fungal pathogens and that these pathogens are reducing corn growth and yield.  
To test this we conducted two experiments in controlled environment chambers.  In the 
first, we examined corn seedling growth and root and mesocotyl infection with and 
without a cereal rye cover crop and with and without corn fungicide seed treatment.  In 
the second, we compared the effects of cereal rye, hairy vetch (Vicia villosa Roth), and 
canola (Brassica napus L.) cover crops on corn shoot and root growth and root and 
mesocotyl infection. The cereal rye cover crop significantly reduced extended leaf height 
and corn shoot dry weight, with corn following rye demonstrating a 33% height reduction 
and an average weight 42% lower than that of corn following no cover crop. Radicle 
length was reduced by 61% in corn following rye, with nearly 100% of all radicles 
showing visible signs of infection. In the second experiment, corn following no cover 
crop had radicles that were 4.5 times longer than corn following a cereal rye cover crop 
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and 1.7 times greater than those following a hairy vetch cover crop. The presence of a rye 
cover crop appeared to increase the number of Fusarium and Pythium infections present 
on the corn radicle and seminal roots. The effect of seed treatment varied, but overall was 
found to improve the fraction of emerged seedlings, decrease the fraction of diseased 
mesocotyls, and improve radicle length. A cereal rye cover crop significantly reduced 
root growth and increased root infection rates in both experiments. Fungicide seed 
treatment did not completely prevent fungal root infection when corn followed a rye 
cover crop. In general, the rye cover crop preceding corn had comparatively greater 
radicle infection and reductions in length than corn following either the hairy vetch or 
canola cover crops. The results of this study will give farmers better insight into how 
cover crop management strategies influence corn seedling disease and corn yields. 
 
Introduction 
The United States is the largest producer of corn (Zea mays L.) and soybeans 
(Glycine max L.) in the world, accounting for 32% of the world’s corn supply and over 
50% of the world’s soybean supply (National Corn Growers Association, 2013; EPA, 
2011).  In Iowa, the growing season for corn and soybean crops typically lasts from mid-
April to October, leaving the soil without a living cover component for 6 months out of 
the year. This scenario leaves corn and soybean fields susceptible to soil erosion and 
losses of nutrients during the late fall, winter, and early spring.  
Frequent rainfall in the spring before corn and soybeans have emerged is often 
detrimental to crop fields, as the absence of a living cover promotes surface runoff, where 
high amounts of soil sediment and nutrients are transported off of the field by water. 
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Nitrate losses are common also during this time, when tile drainage or lateral flow carries 
nutrients into waterways. Nutrients carried by waterways may be transferred to creeks, 
streams, lakes, and rivers, and may ultimately be deposited in the Gulf of Mexico. 
Eutrophication causes increased algal growth, followed by a surge in microbial activity 
causes depletions in oxygen levels, creating hypoxic zones, and makes these areas 
uninhabitable by most aquatic organisms (Goolsby et al., 2001). 
While management practices such as buffer strips, reduced tillage systems, 
fertilizer management, and land-use changes have been proposed to prevent soil loss and 
nutrient leaching, another viable option is the use of winter cover crops. Unlike cash 
crops, cover crops are planted primarily to improve the sustainability of an 
agroecosystem by decreasing soil erosion and nutrient losses, increasing soil organic 
matter and soil water infiltration rates, and managing weeds and pests (Kaspar and 
Singer, 2011). 
Although cover crops have proven to be a feasible alternative to other 
management practices, it is often difficult to find cover crop species that grow well and 
survive the harsh winters of the upper Midwest (Sustainable Agriculture Research and 
Education, 2012).  Many cover crop species will not survive if there is not sufficient 
snow cover to shelter them, or will not achieve enough vegetative growth in the fall to 
provide protection to the soil surface. One cover crop species that has excellent winter 
survival and good growth at colder temperatures, and therefore provide all of the benefits 
that cover crops have to offer, is cereal rye.  Cereal rye (Secale cereale L.) is a cool-
season winter annual grain frequently used as a cover crop in the United States, and 
grown as a grain crop in Central, Northern, and Eastern Europe, Canada, and northern 
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United States. Its origins are thought to be found in the mountains of southwestern Asia, 
where it was derived from the perennial Secale montanum Guss (Hitchcock, 1971). The 
cereal rye plant is erect, with long, spiked leaves of a blue-green color. It is a member of 
the Poaceae family.  
Cereal rye is the hardiest of all cereal grain crops, tolerating temperatures as low 
as -35°C (Stoskopf, 1985).  Cereal rye is commonly used as a cover crop in the Midwest 
due to its ability to withstand low winter temperatures, and for its ease of establishment 
after harvesting corn and soybeans in the fall. Rye only requires a temperature of 3-5° C 
or higher to germinate (Starzycki, 1976). While rye can grow at very low temperatures, 
optimal vegetative growth takes place between temperatures of 25-31°C or higher 
(Stoskopf, 1985).  
Rye has an extensive fibrous root system that makes it invaluable in reducing 
water and wind erosion. This root system also improves soil structure, thereby lessening 
the effects of soil compaction over time (Kessavaloua and Walters, 1999).  Its ability to 
produce large amounts of biomass on marginal soils, in a relatively short amount of time, 
makes it an excellent choice as a ground cover (Stoskopf, 1985). The rye cover crop 
canopy protects the soil surface against erosion by shielding the soil from the kinetic 
energy of rain drops. This prevents soil particle detachment and the formation of soil 
surface seals which lower water infiltration rates and increase runoff (Romkens et al., 
1990).  Rye cover crops also help to anchor surface residues and prevent soil detachment 
by flowing water (Kaspar et al., 2001).  
Nitrate leaching is a common problem in conventional corn and soybean cropping 
systems, with significant environmental impacts. Cereal rye has the ability to scavenge 
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and hold large amounts of nitrogen in its roots and shoots (typically between 28-56 
kg/ha), allowing it to stabilize nitrogen, and therefore reduce, nitrate leaching (Brandi-
Dohrn et al., 1997; Kaspar et al., 2007). Cereal rye cover crops have been found to reduce 
nitrate leaching in drainage water by 48% over the course of five years (Kaspar et al., 
2012). 
Cereal rye is an excellent source of organic matter, with some varieties capable of 
producing up to 11,200 kg of dry matter per hectare when grown to maturity, although 
lower amounts are more common, especially when used just as a cover crop (Sustainable 
Agriculture Research and Education, 2012).  The biomass and nutrients found in the 
decomposing rye residues will provide additional organic matter to the soil, thereby 
improving soil structure, and increasing the water holding capacity and aeration of that 
soil (Kaspar and Singer, 2011; Snapp et al., 2005). 
Herbicides are a major expense in cropping systems every year, with the total 
expenditure on herbicides in the United States being roughly 5.7 billion in 2006, and 5.9 
billion in 2007 (Grube et al., 2011).  Farmers that utilize a no-tillage system in their fields 
are almost entirely dependent on herbicides to suppress weed populations. The advent of 
herbicide-resistant crops, and increased herbicide usage, has led to the evolution of 
naturally resistant weed species. To combat this problem, we must explore different 
management strategies. Cover crops can be used to supplement weed control in no-till 
systems by increasing surface mulch (Reddy, 2003).  In one study, a winter rye cover 
crop in a no-tillage system was found to reduce total weed density by 78%, provided that 
the cover crop biomass was greater than 295 g/m2 (Teasdale et al., 1991). 
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Termination of a cereal rye cover crop can occur through mechanical or chemical 
means. Tillage can be used to terminate a rye cover crop, but sometimes regrowth of rye 
plants can take place if rainfall occurs shortly after tillage. Also, rye residues decompose 
rapidly when tilled into the soil, and surface residue cover after tillage is usually non-
uniform decreasing weed suppression (Wilkins and Bellinder, 1996).  Another means of 
rye termination is through the use of a roller-crimper after heading. A roller-crimper 
flattens the cover crop uniformly in one direction, while crimping the crop, and 
effectively crushing the plant stem. This layer of residue will provide a longer-lasting 
mulch that will help suppress weeds (Mirsky et al., 2009).  The drawback of using a 
roller-crimper to terminate rye is that this method can only be used after the rye has 
headed out, which usually occurs much later than optimum planting dates for corn and 
soybean. Typically, a rye cover crop in a no-tillage system is killed with herbicides such 
as glyphosate. Glyphosate (N-(phosphonomethyl) glycine) is commonly used because it 
is non-selective, it is very effective, and has very little to no residual herbicidal activity in 
the soil.   
Although cereal rye cover crops have been proven to enhance soil properties and 
prevent soil erosion, there have been occasional reports of corn yield decreases in some 
years following a rye cover crop. No one factor has been deemed completely responsible 
for the reduction in yield. A cereal rye cover crop could reduce soil moisture before corn 
planting and this could reduce or slow germination and early growth of corn (Munawar et 
al., 1990).  Rye residue may also delay the warming and drying of the soil, and its 
decomposition may tie up soil nitrogen that is needed for the growth of the future corn 
crop (Kaspar and Singer, 2011).  In some studies, cereal rye has also been found to 
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display allelopathic effects when it dies, but this is typically more detrimental to smaller 
weed seeds (Przepiorkowski and Gorski, 1994).  Another possible cause of yield loss 
may be that the cereal rye is acting as a “green bridge” by serving as a host plant to soil 
fungal pathogens between cash crops (Smiley et al., 1992).   
A green bridge effect can occur when a cover crop, weed, or “volunteer” plant 
germinating from seeds lost during harvest. They begin growing shortly after the harvest 
of a cash crop in the fall, and are terminated prior to planting in the spring. The healthy, 
growing cover crop provides a “bridge” or host for soil fungal pathogens; allowing them 
to overwinter where they otherwise may not be able to do so. Additionally, after spraying 
the “green bridge” plant with glyphosate, the dying plant roots may become more 
susceptible to colonization by soil microorganisms and this may cause a surge in 
microbial activity, due in part to the release of carbon compounds from the dying roots. 
As a result, the population of pathogenic organisms could increase in the root zone (Duke 
et al., 2012; Smiley et al., 1992). As a result, Smiley et al. (1992) and others (Veseth, 
1992) have suggested delaying planting of main crops at least 2 weeks after killing weeds 
or volunteer cereal plants with glyphosate. 
We hypothesize that a cereal rye cover crop terminated a few days before planting 
corn may be acting as a “green bridge” for corn seedling soil fungal pathogens such as 
Fusarium sp. and Pythium sp. If these pathogens cause extensive corn seedling 
infections, which reduce shoot growth and population in some years or fields, then corn 
yield decreases may occur. Additionally because some seed fungicide treatments have 
proven to be effective in protecting the seed against pathogenic species, we hypothesized 
that corn fungicide seed treatments may prevent or reduce the severity of seedling 
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infection following a rye cover crop.  For example, fludioxonil has shown to be effective 
in inhibiting mycelial growth among Fusarium sp. (Broders et al., 2007). A second 
experiment observes the differences between cereal rye, hairy vetch (Vicia villosa Roth), 
and winter canola (Brassica napus L.) cover crops on the growth of fungicide-treated 
corn seed. We hypothesize that although any cover crop species can serve as a “green 
bridge” for soil fungal pathogens, there may differences among cover crop species in the 
level of infection and reduced growth this causes on the following corn crop.  
To test these hypotheses we conducted two controlled environment experiments.  
In the first experiment, we compared the infection rates and growth of corn seedlings 
following a cereal rye cover crop or no cover with or without a standard commercial seed 
treatment using a factorial arrangement of treatments. In a second experiment, we 
compared the infection rates and growth of corn seedlings following no cover crop or 
cereal rye, hairy vetch, or winter canola cover crops. The objective of these experiments 
was to determine if cover crop treatment or seed treatment had any effect on corn 
seedling growth and on root or mesocotyl infection.  
  
Materials & Methods 
The controlled environment chambers used in this experiment are located in the 
USDA-ARS National Laboratory for Agriculture and the Environment in Ames, IA. 
These units were supplied by Conviron, and the model utilized was E15. The overall area 
for growing plants was 194.3 cm by 45.7 cm by 85.7 cm (height x width x length). 
Lighting, temperature, and humidity were controlled by the CMP4030 operation system. 
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All trials were conducted with 13.5 hours of light, and 10.5 hours of darkness, and 
humidity 40% day and 60% night. Temperature for rye was set to 20°C during day, and 
18°C at night, while temperature for corn was set to 12°C during the day, and 10°C at 
night. The light bank was placed at 76 cm above the surface of the pots.  
Plastic pots measuring 54.6 cm by 57.2 cm (height x diameter) were prepared for 
experiments by lining the bottom of the pot with a 30.5 cm square of landscape fabric. 
The pots were filled with approximately 4.0 kg of a sieved, field moist, Webster silty clay 
loam soil obtained from the Iowa State University Agronomy Research Farm just west of 
Ames, IA. This soil was thoroughly mixed with 50 grams of corn residue prior to being 
added to the plastic pots. All pots were watered once a week with 800 mL of distilled 
water, and once a week with 500 mL of a fertilizer nutrient (MiracleGro) solution. The 
fertilizer solution consisted of 1.85 g L-1 MiracleGro (37 g MiracleGro/20 L of distilled 
water) and a guaranteed analysis of 240 g kg -1 N, 34.9 g kg -1 P, and 132.8 g kg -1 K (24-
8-16).  
Each trial consisted of four treatments with five blocks or replications and a total 
of 20 pots. All trials were organized in a randomized complete block design and 
treatments were randomly assigned to pots within blocks. 
The cover crop seed used in these trials included:  Cereal rye (Secale cereale L. 
var. Elbon), winter canola (Brassica napus L. var. Riley), and hairy vetch (Vicia villosa 
Roth). The corn seed used in these trials was provided by Pioneer, and consisted of two 
slightly different hybrids, P0448 and P0448AM1. The seed of P0448AM1 had a 
fungicide/insecticide seed coating consisting of fludioxonil [4-(2,2-difluoro-1,3-
benzodioxol-4-yl)-1H-pyrrole-3-carbonitrile] (broad spectrum with activity against 
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Fusarium sp.), mefenoxam [methyl N-(methoxyacetyl)-N-2,6-xylyl-D-alaninate] (active 
against Pythium sp.), and azoxystrobin [methyl (2E)-2-{2-[6-(2-
cyanophenoxy)pyrimidin-4-yloxy]phenyl}-3-methoxyacrylate] (broad spectrum) 
fungicides and thiamethoxam [(EZ)-3-(2-chloro-1,3-thiazol-5-ylmethyl)-5-methyl-1,3,5-
oxadiazinan-4-ylidene(nitro)amine] insecticide. This hybrid is a transgenic hybrid with 
herbicide tolerance and insect protection genes. The untreated hybrid seed, P0448 does 
not have the seed treatment or the transgenic genes, but is otherwise genetically similar. 
All cover crop and corn seeds were stored in plastic bags in a refrigerator at 5°C when 
not in use. 
Experiment 1: Trials 1, 2, and 3 
This experiment was repeated three times (trials) and had a factorial arrangement 
(2 x 2) of four treatment combinations with two seed/hybrid treatments (treated 
P0448AM1 and untreated P0448) and two cover crop treatments (a rye cover crop and no 
cover crop). There were five blocks and a total of 20 pots in each trial with the four 
treatments randomly assigned to the four pots in each block.  Fifteen seeds of cereal rye 
were evenly spaced and planted at a depth of 0.5 cm in the 10 pots randomly chosen for 
the rye cover crop treatment. The 10 pots that did not contain a rye cover crop were 
covered with perlite to reduce moisture losses. All pots were sprayed with glyphosate at a 
concentration of 6.6 g a.i. L-1 at 55 days after rye planting. The growth chamber 
temperature remained at 20°C during the day, and 18°C at night until corn was planted at 
3 days after spraying. All corn seeds were imbibed by being placed on sterile, moist 
germination papers, sealed in plastic bags, and stored at room temperature (20°C) for 18 
hours prior to planting. The corn was planted at a depth of 2.5 cm 3 days after the cover 
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crop was sprayed. Each pot contained 5 corn seeds, evenly spaced. At 7 days after 
spraying when the rye was completely dead, the rye cover crop was cut at ground level 
and removed from the pots. Perlite was then placed on the soil surface of all pots to 
prevent evaporation and moderate soil temperature. 
Experiment 2: Trials 1 and 2 
These trials utilized five replications with four different cover crop species 
treatments:  rye cover crop, winter canola cover crop, hairy vetch cover crop, and no 
cover crop. Only treated (hybrid P0448AM1) corn seed was used in these trials. Seeding 
rate for cereal rye was: 20 seeds/pot, hairy vetch: 30 seeds/pot, and winter canola: 40 
seeds/ pot. All cover crop seeds were planted at a depth of 2.5 times their seed diameter, 
and evenly spaced. All cover crops were sprayed with glyphosate 45 days after planting, 
and cut at ground level 7 days after spraying. Corn planting methods and chamber 
temperature settings were the same as the trials in Experiment 1. All corn seeds were 
prepared and planted with the same method used in Experiment 1. 
Measurements 
Corn plant emergence rates and growth stage development measurements were 
recorded twice a week after initial emergence. The corn was harvested 45 days after 
planting. All corn shoots and roots were carefully washed, with special care taken to 
preserve root length. Afterwards measurements taken included: final plant number, leaf 
stage, extended leaf height, radicle length, incidence of radicle disease, incidence of 
mesocotyl disease, and corn shoot weight. Growth stage was determined by using the leaf 
collar method, in which the developmental stage of the corn plant is determined by 
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counting the number of visible leaf collars (Abendroth et al., 2011). Leaf height was 
measured as the distance between the bottom of the coleoptile to the end of the longest 
corn leaf. Incidence of radicle and mesocotyl disease was measured by the presence of 
any tissue discoloration or necrosis that was visible.  
After measurements were taken, the corn roots were removed from the whole 
plant sample, and the radicle and seminal roots were cut into 2-cm segments. These root 
segments were surface sterilized for 2 minutes with a 1% bleach solution (5.25% sodium 
hypocholorite), rinsed with distilled sterile water three times, and plated on Fusarium-
selective (Komada) and Pythium-selective (PARP) agar media (Komada, 1976; Martin, 
1992). The samples were randomly selected from a mixture of radicle and seminal root 
segments, and a total of 6 root segments were placed on each agar plate. In Trial 3, the 
radicle and seminal roots were plated separately to compare the differences in fungal 
infection rates between the different root types. These agar plates were monitored for 7 
days, and the formation of new fungal colonies was observed and documented. The total 
number of root segments infected and the total number of fungal infections were 
observed for each agar plate, and later compared between agar types and treatments.   
All growth chamber data were analyzed with SAS using PROC GLM as a 
randomized complete block design (SAS Institute, 2014). The interaction and main 
effects were considered significant if P≤0.05, and the difference between treatments was 
determined by using Fisher’s Least Significant Difference test at P≤0.05. 
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Results & Discussion 
The objective of the first experiment was to determine if a cereal rye cover crop 
increases the infection of corn seedlings by native soil borne pathogens such as Fusarium 
and Pythium, thereby causing reduced shoot and root growth. Our hypothesis was that 
untreated corn seed succeeding a cereal rye cover crop will bear the greatest seedling 
infection rates, and have the greatest reduction in growth, while fungicide-treated corn 
seed that has not succeeded a cereal rye cover crop will have the least seedling infection 
rates and greatest growth. In the second experiment, we also made comparisons between 
infection rates of fungicide-treated corn seed succeeding cereal rye, hairy vetch, and 
winter canola cover crops. This experiment will help us to ascertain if native soil borne 
pathogens are also using other cover crop species as hosts. The information provided by 
both experiments will aid us in developing strategies to reduce the infection of corn 
seedlings following winter cover crops. 
Experiment 1 
Corn Shoot and Root Measurements 
The fraction of emerged seedlings was significantly affected by the seed 
treatments only in Trial 2 (Table 1). The main effect of the cover crop treatments on the 
fraction of emerged seedlings was not significant for any of the three trials.  In Trial 2, 
the fraction of emerged seedlings was 26% greater in the fungicide-treated corn when 
compared to the untreated corn. The interaction between cover crop treatment and seed 
treatment was not significant for any of the trials. These results suggest that a rye cover 
crop treatment usually will not reduce the fraction of emerged corn seedlings. Although 
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seed protection coatings were not mentioned, a study conducted by Dhima et al. (2006), 
agreed with this conclusion, finding that winter rye extracts did not affect corn 
germination. Another study by Burgos and Talbert (2000) found that small-seeded crop 
species were more susceptible to rye extracts than large-seeded crop species. Therefore, 
corn seed size could be the reason that cover crop treatment did not affect the fraction of 
emerged corn seedlings. However, the fraction of emerged seedlings showed a positive 
response to the seed fungicide coating in Trial 2 regardless of the cover crop treatment. 
The rate of emergence was significantly affected by the cover crop treatment only 
in Trial 1 (Table 1). Corn plants in the no rye cover crop treatment had faster emergence 
rates than corn plants following a rye cover crop. The main effect of seed treatment on 
rate of emergence was not significant in any of the trials. The interaction between cover 
crop treatment and seed treatment was not significant in any of the three trials.  
Leaf stage, which is related to the rate of corn growth and development, was 
significantly affected by the cover crop treatment in Trial 2 (Table 2). In Trial 2, corn 
plants following a rye cover crop had slower development and fewer leaves than corn 
plants that did not follow a rye cover crop. In Trial 3, however, mean leaf stage of plants 
following a rye cover crop was slightly greater than that of the no rye treatment, although 
this difference was not significant at 0.05 level.  The main effect of seed treatment and 
the interaction of seed treatment and cover crop treatment were not significant in any of 
the three trials. These results indicate that cover crop treatment had a greater effect on 
leaf stage than seed treatment. A study by Dapaah and Vyn (1998) found that an annual 
ryegrass cover crop consistently reduced leaf stage of corn plants, and they hypothesized 
that this was caused by the immobilization of available N in the ryegrass plots.  In 
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contrast, a study by Moore et al. (1994) indicates that cereal rye mulch had no effect on 
soybean plant performance, lending credence to the possibility that corn leaf stage 
reduction is caused by lower availability of N. However, because all of the pots in our 
growth chamber experiments were watered weekly with a nutrient solution containing N, 
we assume that corn following a rye cover crop was not limited by N availability.  
The extended leaf height was affected by the cover crop treatments in Trials 1, 
2, and 3 (Table 2). Corn plants following a rye cover crop had reduced leaf height 
compared with the corn plants following no cover crop in all three trials.  In Trial 1, 2, 
and 3, corn plants following a rye cover crop were at least 33% shorter than plants with 
no cover crop preceding them. The interaction between cover crop treatment and seed 
treatment was not significant for any of the trials. These results are in agreement with a 
study by Johnson et al. (1993), which claimed that corn following a rye cover crop was 
shorter than corn following no cover crop. The reduction in leaf height could be due to 
the immobilization of N by a rye cover crop, but this is unlikely due to the weekly 
addition of nutrient solution containing N.  
The fraction of corn mesocotyls that had visible evidence of disease was 
significantly affected by both cover crop and seed treatments (Table 3). Corn plants 
following a rye cover crop had higher incidences of mesocotyl infection than corn 
plants without a preceding cover crop in all three trials. Similarly, untreated corn seed 
had higher incidences of mesocotyl infection than treated corn seed in Trials 1 and 3. 
The interaction between cover crop treatment and seed treatment was not significant for 
any of the trials. These results are similar to a study by Yates et al. (1997), in which 
corn seedlings inoculated with Fusarium moniliforme displayed higher percentages of 
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asymptomatic infection when analyzed with light, transmission electron, and scanning 
electron microscopy. Treated corn seed also had lower incidences of mesocotyl 
infection, suggesting that a fungal component played a role in this experiment. If the 
cereal rye was acting as a “green bridge” for soil fungal pathogens and their numbers 
increase in the soil, then the germinating corn seedlings’ mesocotyl could be more 
likely to be infected.  
The corn shoot dry weight per plant was significantly affected by the cover crop 
treatment in Trials 1, 2, and 3 (Table 3). Corn succeeding a rye cover crop had lower corn 
shoot dry weights per plant than corn plants that did not follow a cover crop. For all three 
trials corn plants following rye were less than 42% of the size of plants from the no rye 
treatment.  The main effect of seed treatment on corn shoot dry weight was not 
significant. The interaction between cover crop treatment and seed treatment was not 
significant for any of the three trials. In contrast with these results, a study by Kabir and 
Koide (2002) found that corn shoot dry weight was significantly lower in sweet corn 
following no cover crop than sweet corn following a rye cover crop. Because cover 
cropping practices increased corn shoot P content in their experiment, the increase in 
shoot dry weight may have been due to increased mycorrhizal colonization of the sweet 
corn through the use of cover crops, which would increase root absorption capacity. We 
observed the opposite response in our experiment and because we applied a nutrient 
solution that contained P we would not expect a benefit from increased mycorrhizal 
colonization. 
The radicle length was affected by the cover crop treatments in Trials 1, 2, and 3, 
and by seed treatments in Trial 3 (Table 4). Corn plants succeeding a rye cover crop had 
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radicles that were less than 40% of the average length of radicles of corn plants that did 
not follow a rye cover crop. In Trial 3, untreated corn seeds had shorter radicles than the 
average of treated seeds. The interaction between cover crop treatments and seed 
treatments was not significant in any of the trials. These results contrast with a study by 
Ben-Hammouda et al. (2000), in which root length of durum and bread wheat cultivars 
was not inhibited by cereal rye extracts. 
The fraction of diseased radicles was affected by cover crop treatment in Trials 1, 
2, and 3 (Table 4). More radicles were infected when corn plants were preceded by a rye 
cover crop than when they were not, and in all three trials nearly 100% of the radicles 
following a rye cover crop showed visible signs of infection.  However, seed treatment 
had no effect on radicle infection. The interaction between cover crop treatments and 
seed treatments was significant in Trial 1, where treated corn seed had less radicle 
infection than untreated seed for the no cover crop treatment whereas seed treatment did 
not prevent radicle infection for the corn plants following rye. While radicle length was 
affected by seed treatment in Trial 3, seed treatment had no effect on the fraction of 
diseased radicles. Instead, cover crop treatment affected the fraction of diseased radicles, 
with corn following a rye cover crop having almost 100% of radicles showing symptoms 
of disease. This evidence suggests that a terminated rye cover crop may be providing soil 
fungal pathogens with an energy source, and that the populations of these pathogens are 
sufficiently high enough to cause injury in the following corn crop. Fungal species such 
as Pythium are usually among the first fungal pathogens to invade, infecting a seedling 
within 24-48 hours after planting, and cause a reduction in tillering, plant development, 
and yield (Smiley et al., 1992). In a study by Munkvold and O’Mara (2002), Fusarium 
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infections were reduced, but not eliminated, when the corn seed had a protective 
fungicide coating. Because corn following a rye cover crop had greater fractions of 
diseased radicles, our results suggest that soil fungal pathogens are responsible for the 
reduced radicle length we observed. Although treated corn seeds had longer radicles in 
one of the trials, the protective fungicide coating of treated corn did not keep the radicles 
following rye from eventually becoming infected by the time we sampled the plants.  
Perhaps the longer radicles in Trial 3 resulted from the seed treatment delaying radicle 
infection rather than preventing it entirely. In any case, although our results don’t 
specifically address these strategies, increasing the interval between rye termination and 
corn planting using systemic fungicides, or fungicides that have a bigger zone of 
influence around the seed may be possible approaches for reducing pathogen populations 
around the seed resulting from decomposing rye roots.  
Experiment 2 
Corn Shoot and Root Measurements 
The fraction of emerged seedlings and rate of emergence were not significantly 
affected by the cover crop treatments in Trials 1 or 2 (Table 5). Therefore, cover crop 
treatment had no effect on the percentage of emerged corn seedlings, or the rate of corn 
emergence. The leaf stage, used to estimate corn growth and development, and extended 
leaf height were not significantly affected by the cover crop treatments in Trials 1 or 2 
(Table 6). The fraction of mesocotyls that displayed visible evidence of infection and 
corn shoot dry weight per plant were not significantly affected by the cover crop 
treatments in Trials 1 or 2 (Table 7). Surprisingly, this is in spite of a very large 
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difference between the control and the cover crop treatments in the fraction of mesocotyls 
infected.  The lack of significance seems to have resulted from very high variability 
between reps with some pots having no infection and others nearly 100%.  In experiment 
1, the fraction of emerged seedlings, leaf stage, extended leaf height, shoot dry weight, 
and mesocotyl disease were all significantly affected by the rye cover crop averaged over 
the treated and untreated seed.  In Experiment 2 only fungicide-treated corn seed was 
utilized and it is possible that the fungicide seed coating offered enough protection to the 
growing corn seedling that the effect of the rye cover crop was diminished and not 
significant. Additionally, the other cover crop species seemed to have caused greater 
variability in the data than just including a cereal rye cover crop had resulting in greater 
experimental errors. 
The radicle length was significantly affected by cover crop treatment in both 
Trials 1 and 2 (Table 8). In Trial 1, corn following no cover crop had an average radicle 
length that was 4.5 times greater than corn following a rye cover crop, and 1.7 times 
greater than corn following a hairy vetch cover crop. In Trial 2, corn following a rye 
cover crop had a radicle length that was reduced by at least 46% when compared to the 
other cover crop treatments. It is noteworthy that canola did not significantly affect 
radicle length in either trial compared with the no cover control. These findings are in 
agreement with a study by White et al. (1989), in which a hairy vetch cover crop reduced 
corn radicle length by almost 40% when compared to corn following no cover crop. They 
suggested that cover crops were exhibiting allelopathic effects on corn, and that these 
effects were reflected in the corn radicle length.  
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The fraction of radicles with evidence of infection was affected by cover crop 
treatments in Trials 1 and 2 (Table 8). The rye cover crop treatment displayed the greatest 
amount of infection, with 100% of the radicles showing evidence of disease in both trials. 
In Trial 1, the corn following a rye cover crop had 96% greater incidence of infection 
than the corn following no cover crop, 64% more infections than in corn following a 
canola cover crop, and 32% more infections than in corn following a hairy vetch cover 
crop. In Trial 2, corn following a rye cover crop had greater than 50% more infections 
than corn following no cover crop or a canola cover crop, and 24% more infections than 
corn following a hairy vetch cover crop. Just as in Experiment 1, the fraction of diseased 
radicles was affected by the presence of a rye cover crop. These observations seemed to 
suggest that of our four treatments, a rye cover crop before corn promoted more radicle 
infections than the other cover crop treatments. This is consistent with the relatively 
greater inhibition of the rye cover crop treatment averaged across the two trials and like 
Experiment 1 probably indicates a possible relationship between fungal infections and 
reduced length. This would be consistent with an increase in the population of pathogenic 
fungi in the root zone of terminated rye cover crop plants (Duke et al., 2012; Smiley et 
al., 1992). 
Fungal Colonization 
With this measurement, our goal was to observe if and/or how cover crop 
treatment and seed treatment affected potential Fusarium and Pythium colonization on 
corn radicle and seminal roots. Fungal infection rates were measured by counting fungal 
colonies of Fusarium spp. and Pythium spp. on selective media, and calculated as the 
average number of infections per 100 centimeters of root. Plating data were collected 
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from Experiment 1, Trials 2 and 3, and Experiment 2, Trials 1 and 2. Random samples 
were obtained from radicle and seminal roots, and combined in Experiment 1, Trial 2, 
and Experiment 2, Trials 1 and 2. In Experiment 1, Trial 3, the radicle and seminal root 
segments were separated to observe how the type of root affected fungal colonization.  
Experiment 1  
The infection rate of Fusarium in Trial 2 was significantly increased by cover 
crop treatment (Table 9). The corn following a rye cover crop suffered from 66% more 
Fusarium infections than the corn following no cover crop. The seed treatment had no 
effect on Fusarium infections and the interaction between the cover crop and seed 
treatments was not significant. The infection rate of Pythium in Trial 2 was not 
significant for seed treatment, cover crop treatment, or their interaction.   
The infection rate of Fusarium observed on the radicle and seminal roots were 
significantly affected by cover crop treatment in Trial 3 (Table 10). The corn following a 
rye cover crop had 2.6 times more Fusarium infections on the radicle root segments, and 
3 times more Fusarium infections on the seminal root segments. The infection rate of 
Pythium located on the radicle was also significantly affected by cover crop treatment in 
Trial 3, with corn following a rye cover crop having 1.4 times more Pythium infections 
than corn following no cover crop. The seed treatment had no effect on the infection rates 
of Fusarium or Pythium on radicle or seminal root segments. The interaction between the 
cover crop treatments and seed treatments was not significant for either fungal species or 
type of root.  
Some studies have reported that glyphosate applications may cause an increase in 
Fusarium populations on plant roots. In a study by Kremer and Means (2009), the 
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frequency of Fusarium infections increased within one week after the application of 
glyphosate on glyphosate-resistant crops. In our study, we did not spray our corn plants 
with glyphosate. A study by Levesque et al. (1987) showed that Fusarium populations 
increased on roots of various weed species after a glyphosate application that terminated 
them, but no visual symptoms of infection were observed on corn shoots 8 weeks after 
planting. No examination of corn roots, however, was made in this study. These studies 
suggest that plants sprayed with glyphosate may experience temporary increases in 
fungal populations on their roots and some of our results imply that these fungi may then 
transfer to the next corn crop.   
Experiment 2 
In this experiment, we observed how three cover crop species affected fungal 
infection rates in the radicle and seminal roots of corn. Plating data were collected from 
Trials 1 and 2. Random samples were obtained from radicle and seminal roots, and 
combined in both trials. The infection rate of Fusarium and Pythium in Trial 1 and Trial 2 
were not significantly affected by cover crop treatments (Table 11, Table 12).  As for 
some of the other measurements, results were more variable with the multiple species 
treatments with treated corn seed than when analyzing data for rye cover crop treatment 
means that averaged over treated and untreated corn seed treatments.  
These results indicate that factors other than cover crop species may influence fungal 
pathogen population. The rye cover crop plants in Experiment 1 were grown for 55 days 
before being terminated, while the cover crops in Experiment 2 were grown for only 45 
days. It is possible that greater cover crop root biomass may contribute to the increase in 
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fungal populations by offering a larger energy source to fungal pathogens. Additionally, 
because treated corn seed was used for all treatments this may reduce the effect.  
 
Summary and Conclusions 
We hypothesized that a cereal rye cover crop terminated a few days before 
planting corn may act as a “green bridge” for soil fungal pathogens such as Fusarium and 
Pythium, and therefore infect the corn seedling roots and reduce corn growth and 
performance. This study indicates that there is a relationship between a rye cover crop 
and a reduction in corn seedling growth. While corn measurements such as extended leaf 
height and corn shoot dry weight were significantly influenced by rye, the presence of a 
rye cover crop had a larger impact on those areas of the corn plant that were in direct 
contact with the soil. The fraction of diseased radicles and the fraction of diseased 
mesocotyls were higher in corn following a rye cover crop, and radicle length was shorter 
when corn followed a rye cover crop. This suggests that soil fungal pathogens present in 
dying rye cover crop plants may lead to root infection and poor root and shoot seedling 
growth. It is unknown whether seedling effects would result in smaller plants or poor 
growth of more advanced corn plants later in the growing season.  
We also hypothesized that corn fungicide seed treatments may prevent or reduce 
the severity of fungal infections in corn following a rye cover crop. While the seed 
treatment did significantly lessen the fraction of diseased mesocotyls, it did not appear to 
make a difference or improve other corn growth measurements, especially following a 
rye cover crop. These results suggest that fungicide treatments on corn seed may benefit 
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germinating corn seedlings initially, but corn roots may become susceptible to fungal 
infection, as their distance from the seed and the zone of influence of the fungicides 
increases.  
In our second experiment, we hypothesized that corn following a cereal rye, hairy 
vetch, or winter canola cover crop would differ in the rate of fungal infection, and that a 
reduction in corn performance would follow those infections. The results of this 
experiment found that the cover crop species did significantly affect radicle length and 
the fraction of diseased radicles, but the presence of a cover crop did not appear to impact 
corn shoot growth or development. These findings align with those of the first 
experiment, in that the cover crop species had a greater impact on corn structures below 
the surface of the soil. It is possible that the fungicide seed coating helped deter fungal 
infection in corn seedlings until their roots passed through its zone of influence.  
These experiments provide us with valuable information regarding the usage of 
cover crops preceding corn. Cereal rye is one of the few cover crop species that is known 
to successfully overwinter in Iowa, and provides many benefits to the soil by decreasing 
erosion and nutrient losses, managing weeds, and increasing soil water infiltration rates 
and soil organic matter. Finding an alternative cover crop species would be very difficult. 
Instead of discontinuing the use of cereal rye as a viable option as a cover crop species, 
we suggest that the interval between cereal rye termination and corn planting be extended 
from several days to 1-2 weeks, so that fungal pathogens have exhausted their energy 
sources and populations will naturally decrease. Other possibilities include using corn 
with commercial seed treatments that are more systemic in their defense against soil 
pathogens, or that have a larger zone of influence around the corn seedling. Another 
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option would be to explore other non-grass species that could serve as cover crops, as 
these species may support smaller populations of fungal pathogens that target corn.  
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Table 1. Effect of rye cover crop and seed treatment on fraction of emerged seedlings and rate of emergence in Experiment 1, Trials 1, 2, and 31.
Experiment #1
Fraction of seeds 
emerged
Emergence 
rate2
Fraction of seeds 
emerged
Emergence 
rate2
Fraction of seeds 
emerged
Emergence rate2
Trial 1 Trial 2 Trial 3
̶ ̶ ̶ ̶  ̶ ̶̶ ̶  days  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶  ̶ ̶̶ ̶  days  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶  ̶ ̶̶ ̶  days  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶
Cover Crop (C)
No Rye 0.96 a 13.6 a 0.84 a 27.4 a 0.92 a 17.0 a
Rye 0.86 a 16.4 b 0.78 a 31.1 a 0.84 a 15.8 a
C (Pr > F) 0.07 0.03 0.54 0.16 0.39 0.63
Seed (S)
Untreated 0.88 a 16.0 a 0.68 a 29.9 a 0.84 a 17.9 a
Treated 0.94 a 14.0 a 0.94 b 28.6 a 0.92 a 14.9 a
S (Pr > F) 0.26 0.12 0.02 0.61 0.39 0.23
No Rye/Treated Seed 1.00 a 13.4 a 0.92 a 27.8 a 1.00 a 14.6 a
No Rye/Untreated Seed 0.92 a 13.8 a 0.76 a 27.0 a 0.84 a 19.4 a
Rye/Treated Seed 0.88 a   14.6 a 0.96 a 29.4 a 0.84 a 15.2 a
Rye/Untreated Seed 0.84 a 18.2 a 0.60 a 32.8 a 0.84 a 16.4 a
C x S (Pr > F) 0.70 0.21 0.32 0.42 0.39 0.47
1
Means within a column and cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
2
Emergence is calculated as the number of days passed until 60% emergence is reached.
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Table 2. Effect of rye cover crop and seed treatment on leaf stage and extended leaf height in Experiment 1, Trials 1, 2, and 31.
Experiment #1 Leaf stage
Extended leaf 
height
Leaf stage
Extended leaf 
height
Leaf stage
Extended leaf 
height
Trial 1 Trial 2 Trial 3
̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶
Cover Crop (C)
No Rye 2.9 a 39.6 b 2.0 b 28.1 b 2.9 a 45.6 b
Rye 2.7 a 26.0 a 1.5 a 13.7 a 3.4 a 30.7 a
C (Pr > F) 0.17 0.01 0.03 0.01 0.08 0.01
Seed (S)
Untreated 2.7 a 31.2 a 1.6 a 20.0 a 3.1 a 36.4 a
Treated 2.9 a 34.4 a 1.9 a 21.8 a 3.2 a 39.9 a
S (Pr > F) 0.38 0.35 0.19 0.43 0.56 0.29
No Rye/Treated Seed 3.1 a 41.7 a 1.9 a 26.8 a 2.9 a 45.9 a
No Rye/Untreated Seed 2.8 a 37.4 a 2.0 a 29.3 a 2.9 a 45.2 a
Rye/Treated Seed 2.7 a 27.1 a 1.8 a 16.8 a 3.5 a 33.9 a
Rye/Untreated Seed 2.6 a 24.9 a 1.2 a 10.6 a 3.2 a 27.5 a
C x S (Pr > F) 0.44 0.76 0.11 0.07 0.46 0.40
1
Means within a column and cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
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Table 3. Effect of rye cover crop and seed treatment on fraction of diseased mesocotyls and corn shoot dry weight in Experiment 1, Trials 1, 2, and 3
1
.
Experiment #1
Fraction of 
mesocotyls 
diseased
Corn shoot 
dry weight per 
plant
Fraction of 
mesocotyls 
diseased
Corn shoot 
dry weight per 
plant
Fraction of 
mesocotyls 
diseased
Corn shoot dry 
weight per plant
Trial 1 Trial 2 Trial 3
 ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶ ̶̶  g  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶  ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶ ̶̶  g  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶  ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶ ̶̶  g  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ 
Cover Crop (C)
No Rye 0.22 a 0.91 b 0.03 a 0.15 b 0.17 a 0.91 b
Rye 0.86 b 0.32 a 0.70 b 0.05 a 0.66 b 0.38 a
C (Pr > F) 0.01 0.01 0.01 0.01 0.01 0.01
Seed (S)
Untreated 0.64 b 0.51 a 0.41 a 0.09 a 0.57 b 0.62 a
Treated 0.44 a 0.71 a 0.32 a 0.11 a 0.26 a 0.67 a
S (Pr > F) 0.05 0.25 0.24 0.29 0.01 0.77
No Rye/Treated Seed 0.08 a 1.08 a 0.00 a 0.15 a 0.08 a  0.88 a
No Rye/Untreated Seed 0.36 a 0.74 a 0.06 a 0.14 a 0.25 a  0.94 a
Rye/Treated Seed 0.80 a 0.35 a 0.64 a 0.08 a 0.44 a  0.46 a
Rye/Untreated Seed 0.91 a 0.28 a 0.76 a 0.03 a 0.88 a  0.30 a
C x S (Pr > F) 0.36 0.42 0.69 0.34 0.17 0.51
1
Means within a column and cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
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Table 4. Effect of rye cover crop and seed treatment on radicle length and fraction of diseased radicles in Experiment 1, Trials 1, 2, and 3
1.
Experiment #1 Radicle length
Fraction of 
radicles 
diseased
Radicle length
Fraction of 
radicles 
diseased
Radicle length
Fraction of 
radicles diseased
Trial 1 Trial 2 Trial 3
̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶
Cover Crop (C)
No Rye 21.2 b 0.18 a 20.4 b 0.40 a 18.7 b 0.52 a
Rye 3.7 a 0.98 b 6.9 a 1.00 b   7.3 a 1.00 b
C (Pr > F) 0.01 0.01 0.01 0.01 0.01 0.01
Seed (S)
Untreated 11.5 a 0.62 a 12.7 a 0.67 a 10.7 a 0.74 a
Treated 13.4 a 0.54 a 14.5 a 0.75 a 15.4 b 0.78 a
S (Pr > F) 0.27 0.23 0.22 0.28 0.01 0.68
No Rye/Treated Seed 23.0 a 0.08 a 21.5 a 0.50 a 22.4 a 0.56 a
No Rye/Untreated Seed 19.4 a 0.28 b 19.2 a 0.34 a 15.0 a 0.48 a
Rye/Treated Seed   3.9 a 1.00 c   7.5 a 1.00 a   8.3 a 1.00 a
Rye/Untreated Seed   3.5 a 0.95 c   6.2 a 1.00 a   6.3 a 1.00 a
C x S (Pr > F) 0.37 0.05 0.75 0.28 0.07 0.68
1
Means within a column and cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
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Experiment #2
Fraction of seeds 
emerged
Emergence 
rate
2
Fraction of seeds 
emerged
Emergence 
rate
2
Trial 1 Trial 2
̶ ̶ ̶ ̶  ̶ ̶̶ ̶  days  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶  ̶ ̶̶ ̶  days  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶
Cover Crop (C)
No Cover Crop 1.00 a 23.0 a 1.00 a 14.0 a
Rye 0.92 a 32.6 a 1.00 a 14.0 a
Canola 0.96 a 23.0 a 0.96 a 14.0 a
Hairy Vetch 0.96 a 23.6 a 0.92 a 14.0 a
C (Pr > F) 0.54 0.10 0.19 1.00
1
Means within a column and cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
2
Emergence is calculated as the number of days passed until 60% emergence is reached.
Table 5. Effect of cover crop on fraction of emerged seedlings and rate of emergence in Experiment 2, Trials 1 and 2
1
.
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Table 6. Effect of cover crop on leaf stage and extended leaf height in Experiment 2, Trials 1 and 2
1
.
Experiment #2 Leaf stage
Extended leaf 
height
Leaf stage
Extended leaf 
height
Trial 1 Trial 2
̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶
Cover Crop (C)
No Cover Crop 1.8 a 26.8 a 2.9 a 40.3 a
Rye 1.4 a 15.1 a 3.0 a 35.9 a
Canola 1.6 a 20.1 a 2.9 a 39.2 a
Hairy Vetch 1.9 a 21.8 a 2.9 a 37.1 a
C (Pr > F) 0.54 0.06 0.85 0.32
1
Means within a column and cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
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Experiment #2
Fraction of 
mesocotyls 
diseased
Corn shoot 
dry weight per 
plant
Fraction of 
mesocotyls 
diseased
Corn shoot 
dry weight per 
plant
Trial 1 Trial 2
 ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶ ̶̶  g  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶  ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶ ̶̶  g  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ 
Cover Crop (C)
No Cover Crop 0.04 a 0.16 a 0.00 a 0.49 a
Rye 0.60 a 0.15 a 0.12 a 0.27 a
Canola 0.56 a 0.12 a 0.04 a 0.35 a
Hairy Vetch 0.52 a 0.13 a 0.12 a 0.38 a
C (Pr > F) 0.06 0.85 0.62 0.57
1
Means within a column and cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
Table 7. Effect of cover crop on fraction of diseased mesocotyls and corn shoot dry weight in Experiment 2, Trials 1 
and 2
1
.
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Experiment #2 Radicle length
Fraction of 
radicles diseased
Radicle length
Fraction of 
radicles diseased
Trial 1 Trial 2
̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶̶ ̶̶ ̶  cm  ̶̶ ̶̶ ̶̶ ̶̶̶̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶
Cover Crop (C)
No Cover Crop 16.6 a 0.04 a 20.8 a 0.32 a
Rye 3.7 c 1.00 d 9.1 b 1.00 c
Canola 13.3 ab 0.36 b 22.7 a 0.46 a
Hairy Vetch 10.2 b 0.68 c 17.1 a 0.76 b
C (Pr > F) 0.01 0.01 0.01 0.01
1
Means within a column and cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
Table 8. Effect of cover crop on radicle length and fraction of diseased radicles in Experiment 2, Trials 1 and 21.
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Fungal genus Treatment Infection rate
2 Fungal genus Treatment Infection rate
2
Fusarium Pythium
Cover Crop (C) Cover Crop (C)
No Rye 28.2 a No Rye 29.3 a
Rye 83.7 b Rye 47.4 a
C (Pr > F) 0.01 C (Pr > F) 0.07
Seed (S) Seed (S)
Untreated 62.2 a Untreated 36.7 a
Treated 49.6 a Treated 40.0 a
S (Pr > F) 0.43 S (Pr > F) 0.72
No Rye/Treated Seed 21.5 a No Rye/Treated Seed 30.4 a
No Rye/Untreated Seed  34.8 a No Rye/Untreated Seed 28.2 a
Rye/Treated Seed  77.8 a Rye/Treated Seed 49.6 a
Rye/Untreated Seed 89.6 a Rye/Untreated Seed 45.2 a
C x S (Pr > F) 0.96 C x S (Pr > F) 0.91
1
Means within cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
2
Infection rate is calculated as the average number of Fusarium or Pythium  infections per 100 centimeters of root.
Table 9. Effect of rye cover crop and seed treatment on Fusarium and Pythium  infection rates in Experiment 1, Trial 2
1
.
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Table 10. Effect of rye cover crop and seed treatment on Fusarium and Pythium  infection rates in Experiment 1, Trial 31.
Fungal genus Treatment
Radicle 
infection rate2
Seminal 
infection rate2
Fungal genus Treatment
Radicle 
infection rate2
Seminal 
infection rate2
Fusarium Pythium
Cover Crop (C) Cover Crop (C)
No Rye   77.6 a   47.1 a No Rye 57.3 a 53.6 a
Rye 193.2 b 144.2 b Rye 82.5 b 66.3 a
C (Pr > F) 0.01 0.02 C (Pr > F) 0.03 0.49
Seed (S) Seed (S)
Untreated 143.6 a 127.2 a Untreated 63.5 a 69.3 a
Treated 127.1 a   64.1 a Treated 76.2 a 48.9 a
S (Pr > F) 0.44 0.11 S (Pr > F) 0.24 0.17
No Rye/Treated Seed   73.0 a   35.7 a No Rye/Treated Seed   61.3 a 45.5 a
No Rye/Untreated Seed   82.1 a   58.5 a No Rye/Untreated Seed 53.2 a 61.7 a
Rye/Treated Seed 181.3 a   92.5 a Rye/Treated Seed 91.1 a 53.2 a
Rye/Untreated Seed 205.1 a 195.9 a Rye/Untreated Seed   73.9 a 76.8 a
C x S (Pr > F) 0.73 0.29 C x S (Pr > F) 0.66 0.75
1
Means within cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
2
Infection rate is calculated as the average number of Fusarium or Pythium  infections per100 centimeters of root.
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Fungal genus Treatment Infection rate
2 Fungal genus Treatment Infection rate
2
Fusarium Pythium
Cover Crop (C) Cover Crop (C)
No Cover Crop 34.8 a No Cover Crop     8.2 a
Rye 50.4 a Rye   31.9 a
Canola 48.2 a Canola  36.3 a
Hairy Vetch 53.3 a Hairy Vetch  26.7 a
C (Pr > F) 0.48 C (Pr > F) 0.10
1
Means within cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
Table 11. Effect of cover crop on Fusarium and Pythium  infection rates in Experiment 2, Trial 1
1
.
2
Infection rate is calculated as the average number of Fusarium or Pythium  infections per100 
centimeters of root.
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Fungal genus Treatment Infection rate
2 Fungal genus Treatment Infection rate
2
Fusarium Pythium
Cover Crop (C) Cover Crop (C)
No Cover Crop 163.0 a No Cover Crop 43.7 a
Rye 160.7 a Rye 29.6 a
Canola 158.5 a Canola 28.9 a
Hairy Vetch 180.7 a Hairy Vetch 33.3 a
C (Pr > F) 0.50 C (Pr > F) 0.52
1
Means within cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
2
Infection rate is calculated as the average number of Fusarium or Pythium  infections per100 
centimeters of root.
Table 12. Effect of cover crop on Fusarium and Pythium  infection rates in Experiment 2, Trial 21.
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CHAPTER III: THE EFFECT OF CEREAL RYE COVER CROP AND PLANTING 
DATE ON CORN ROOT AND SHOOT GROWTH IN FIELD EXPERIMENTS 
 
Abstract 
The use of cover crops has been shown to increase organic matter, reduce soil 
erosion, stabilize soil nutrients, suppress weeds, and promote biodiversity in the soil. 
Government programs promote cover crops as a feasible management option for farmers. 
Cereal rye is widely used as a winter cover crop in the Midwest, but its usage has been 
associated with a reduction in corn yields. We hypothesize that a cereal rye (Secale 
cereale L.) cover crop may act as a “green bridge” or winter host for soil fungal 
pathogens, and that these pathogens may negatively impact the following corn (Zea mays 
L.) crop. A field experiment was conducted over 2 years to determine how corn 
performance was affected by a cereal rye cover crop and corn planting date. We 
examined the effect of two cover crop treatments [a cereal rye cover crop vs. no cover 
crop] and two corn planting dates [early corn planting in mid-April vs. later corn planting 
in early May] on corn growth and yield. Planting date had a greater effect on corn growth 
than cover crop treatment. In 2014, the late planted corn averaged 123% longer than the 
early planted corn. Radicle length in the later planted corn was 27% greater than earlier 
planted corn, and exhibited fungal infection rates that were 16% greater than corn planted 
early. In 2013, corn planted later also showed a 484% increase in corn shoot dry weight 
when compared to corn planted early. The relationship between the rye cover crop and 
corn performance was inconsistent. Corn following a rye cover crop in 2013 had more 
radicle infection and leaves that were only 80% as long as corn following no cover crop. 
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Corn following no cover crop in 2014 had greater plant populations and yields that were 
22% greater than corn following a rye cover crop. Field observations, however, indicated 
that some of this effect may have been due to poor planter performance in some rye plots. 
In general, planting corn at a later date when soil and air temperatures were warmer did 
not reduce infection rates or improve corn populations or growth following a rye cover 
crop. As in previous studies, the effects of rye cover crop on corn growth and yield are 
inconsistent and may be dependent on other factors not considered in this study. 
 
Introduction 
Cover crops are grown after the harvest of one cash crop, and before the planting 
of the next cash crop. Any annual, biennial, or perennial plant can be used as a cover 
crop, but their performance is largely dependent on the geographic location, the time of 
year when they are planted, and the suitability of that species in that environment 
(Sullivan, 2003). The environmental benefits of planting a cover crop include: reducing 
soil erosion, improving water quality, reducing nutrient leaching, improving soil quality 
factors, and suppressing weed growth (Luna, 1993). While the use of cover crops can be 
environmentally beneficial, it can often be difficult to obtain good stands and winter 
survival of cover crops in the upper Midwest due to early frosts, lack of snow cover, and 
low winter temperatures. One cover crop that has proven itself as a high-performing, cold 
tolerant species that is easy to establish is cereal rye (Secale cereale L.; Sarrantonio and 
Gallandt, 2003). Daniel et al. (1999) found that cereal rye produced larger quantities of 
biomass than other cover crop species such as crimson clover, hairy vetch, wheat, and 
white lupin. 
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Cover crops and their residues can reduce soil erosion by providing a protective 
canopy that shields the soil surface from rainfall events. The root system of the cover 
crop can stabilize soil particles, and prevent soil detachment caused by the impact of 
rainfall (Dabney, 1998). The protective canopy and extensive root systems of cover crops 
can slow runoff water, and reduce between 40% to 96% of the sediment lost in rainfall 
events (Kaspar and Singer, 2011). While cover crops are not typically used in areas with 
limited rainfall, they can also reduce wind erosion by shielding the surface of the soil, 
reducing soil detachment, and improving soil aggregation (Langdale et al., 1991). Thus, 
the fibrous root system and abundant shoot growth of cereal rye can aid in the prevention 
of both water and wind erosion.  
Losses of N and P from agricultural fields can contaminate both surface and 
groundwater water supplies. Cover crops can potentially reduce P runoff by increasing 
water infiltration and reducing sediment transport (Kaspar and Singer, 2011). Kleinman 
et al. (2005) reported a 74% reduction in the total P load in runoff in plots occupied by 
cover crops versus plots with no cover crops. Additionally, a number of studies have 
shown that cover crops can reduce leaching losses of nitrate. One study found that non-
leguminous cover crops effectively scavenged residual nitrates, reducing nitrate leaching 
by 50% in irrigated cropping systems when compared to ground that was left fallow 
(Quemada et al., 2013). Cereal rye has a root system that is very efficient in scavenging 
excess nutrients, and has been found to reduce nitrate leaching losses by up to 94%, 
although these rates are dependent on the amount of biomass present during times in 
which more frequent rainfall events take place (McCracken et al., 1994). Another study 
by Kaspar et al. (2007) found that a rye cover crop reduced nitrate loads in subsurface 
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drainage systems by 61% over a 4-year period. Therefore, cover crops have the potential 
to reduce nutrient losses and leaching. 
Cover crops increase soil organic matter by contributing additional sources of 
plant residue to the soil. This increased soil organic matter can improve soil fertility and 
water holding capacity (Kaspar and Singer, 2011). Additionally, higher levels of organic 
carbon in a soil help to bind soil particles together to form more stable macroaggregates 
that are less susceptible to erosion and help to reduce soil compaction near the surface 
(Blanco-Canqui et al., 2013; Colazo and Buschiazzo, 2010). The root systems of various 
cover crop species can also help alleviate soil compaction by serving as a “biological 
plow” because of roots that are able to penetrate compacted layers and leave macropores 
for main crop roots to grow through (Henderson, 1989). These macropores increase 
aeration and water infiltration rates (Keisling et al., 1994).  
Cover crops are also utilized for their ability to suppress weed populations. Cover 
crops will compete with weed species for water, nutrients, and light, but they may also 
exude allelopathic compounds that inhibit the growth of other plants (Creamer et al., 
1996). The ability of cover crops to suppress weed populations can decrease herbicide 
usage, depending upon the cover crop species, planting date, seeding rate, and biomass at 
the time of termination (Griffin and Dabney, 1990). Rye has been found to suppress weed 
populations through the large amount of biomass it produces, as well as through the 
release of allelopathic compounds (Kaspar and Singer, 2011; Reberg-Horton et al., 2005). 
One study found weed suppression taking place up to 6 weeks after the termination of 
cereal rye (Williams et al., 2000). 
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Unfortunately, in spite of all these benefits, the use of cereal rye as a cover crop 
has sometimes been associated with yield reductions in the following corn crop in some 
years, especially when corn was planted directly after spraying the rye cover crop with 
herbicide (Johnson et al., 1998, Raimbault et al., 1990). While the exact cause is yet 
unknown, many farmers blame the yield decreases on the allelopathic effects of cereal 
rye, but these compounds typically have very little effect on larger seeds such as corn 
(Przepiorkowski and Gorski, 1994). The tendency for rye to tie up soil nutrients and its 
consumption of water could also lead to delayed growth in the following corn crop 
(Kaspar and Singer, 2011; Munawar et al., 1990). Another possibility is that cereal rye 
could be serving as a “green bridge” for corn seedling pathogens by acting as a living 
host to soil fungal pathogens such Fusarium spp. and Pythium spp., and allowing greater 
populations of these pathogens to overwinter (Smiley et al., 1992). Because decreased 
corn performance and yield reductions are seen more often when corn is planted directly 
after spraying the rye cover crop with herbicide, there is also speculation that the dying 
cover crop provides soil fungal pathogens with a new source of energy, subsequently 
increasing their population and negatively affecting the following corn crop (Smiley et 
al., 1992).  
With so many productive acres at risk for soil and nutrient losses, it is vital that 
we ensure the protection of our natural resources by practicing good stewardship of the 
land. Cover crops can ensure soil health and erosion protection when established 
properly, and the performance of cereal rye far exceeds that of other cover crops in Iowa. 
By uncovering the cause of these corn yield reductions, we can better understand how to 
manage and utilize cover crops to their full potential. The objective of this experiment 
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was to determine if reduced corn performance and yields in corn following a rye cover 
crop is caused by an increase in corn seedling infection by fungal pathogens such as 
Fusarium and Pythium. We hypothesize that corn following no cover crop will exhibit 
greater growth and yield and have less root infection than corn following a cereal rye 
cover crop. Furthermore, we hypothesized that early planting following a rye cover crop 
when soil conditions are colder, wetter, and more conducive for pathogen infection would 
be more detrimental than planting later when conditions would be less conducive for 
pathogen infection. To test these hypotheses, we planted a cereal rye cover crop after 
soybeans in field plots for 2 years. In the following springs, corn was planted at an early 
and late planting date in the spring either following no cover crop or following a cereal 
rye cover crop sprayed with glyphosate less than three days earlier.  The effect of the rye 
cover crop at the two planting dates was assessed by measuring corn seedling shoot and 
root growth, root and mesocotyl infection, and mature corn shoot growth and yield. 
 
Materials and Methods 
Field experiments were conducted in a 2.11 ha field at the Iowa State University 
Agronomy and Agricultural Engineering Research Center located 12 km west of Ames, 
Iowa. The predominant soils in the experimental area consisted of the Webster silty clay 
loam, Clarion loam, and Nicollet clay loam soil series. Webster silty clay loam is a poorly 
drained upland soil, Clarion loam is a moderately well-drained upland soil, and Nicollet 
clay loam is a somewhat poorly drained upland soil. The Webster, Clarion, and Nicollet 
soil series were all formed in glacial till. This field has been established with no-till corn 
and soybeans since 1995, and the field is arranged so that both cash crops are present 
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each year. The mean air temperature and total precipitation from April 15th to June 15th in 
2013 were 14.7°C and 311 mm, respectively (Fig. 1). The mean air temperature and 
precipitation from April 15th to June 15th in 2014 were 16°C and 241 mm, respectively 
(Fig. 2).  
The experiment was conducted in 2013 and 2014 and had a factorial arrangement 
(2 x 2) of four treatment combinations, with main effects consisting of cereal rye cover 
crop and corn planting date treatments. The four treatment combinations compared in this 
experiment were: (1) cereal rye cover crop and corn planted early (Early/Rye); (2) cereal 
rye cover crop and corn planted late (Late/Rye); (3) no cover crop and corn planted early 
(Early/No Rye); (4) no cover crop and corn planted late (Late/No Rye). The field site was 
divided into plots measuring 53.3 m by 3.8 m with five blocks.  In 2013, rye cover crop 
treatment plots were split in half and north and south sections were randomly assigned a 
corn planting date.  In 2014, two adjacent field plots were combined so that the whole 
plots with rye cover crop treatments were 7.6-m wide and 53.3-m long and the planting 
date treatments were randomly assigned to one of the two adjacent 3.8-m wide field plots.  
This resulted in a split plot design in both years with whole plots arranged in five 
randomized complete blocks.  
Cereal rye (var. Elbon) was planted following soybean harvest on September 24, 
2012 at a rate of 3.0 x 106 seeds ha-1, and on September 13, 2013 at a rate of 3.1 x 106 
seeds ha-1. In 2012, cereal rye was planted with a no-till grain drill in rows spaced 0.19 m 
apart. In 2013, cereal rye was broadcast onto the soil surface and incorporated with a 
roller-chopper.  
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To terminate the cereal rye cover crops and to kill winter annual weeds, all plots 
were sprayed with glyphosate [N-(phosphonomethyl) glycine] at 0.66 kg ha-1 of active 
ingredient. In 2013, the early planting date treatment plots were sprayed on April 27, 
2013, and corn was planted on April 29, 2013. The late planting date treatment plots were 
sprayed on May 7, 2013 and corn planted on May 8, 2013. In 2014, the early planting 
date plots were sprayed on April 22, 2014 and corn was planted on April 23, 2014. The 
late planting date plots were sprayed on May 5, 2014 and corn planted on May 6, 2014. 
The glyphosate resistant corn hybrids P9910AM1 (Pioneer Hybrid International, 
Johnston IA) was planted at a rate of 85 000 seeds ha-1 in 2013 and P0448AMX at 90 000 
seeds ha-1 in 2014 with a 5-row no-till planter in 0.76 m row widths. The variation in 
intervals between rye termination and corn planting was due to the variability of field 
conditions found in Iowa during the spring. A residual herbicide, metolachlor [(RS)-2-
chloro-N-(2-ethyl-6-methyl-phenyl)-N-(1-methoxypropan-2-yl)acetamide] was applied at 
1.61 kg ha-1 active ingredient shortly after planting. Nitrogen fertilizer was applied as 
32% urea ammonium nitrate solution by a spoke-wheel injector on June 11, 2013 and 
June 3, 2014 at a rate of 202 kg ha-1.  
Rye biomass was measured within each plot by placing a 50 cm by 76 cm frame 
orientated with long side perpendicular to the old crop row over a randomly chosen area 
within the plot, and removing all rye shoots within the frame area. Two samples were 
taken from each plot within a few days after spraying. After collection, the samples were 
dried at 60°C for 72 hours, and weighed. Corn plant populations were recorded in 15.2 
m-long sections of two adjacent rows early in the growing season (May 28, 2013 and 
May 27, 2014) and late in the growing season (June 7, 2013 and June 9, 2014).  
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On June 10, 2013 (42 DAP; days after planting), a total of 12 randomly selected 
corn plants were carefully extracted using a shovel from each early planting treatment 
plot. The shovel was used to dig up a volume of soil approximately 0.20 m deep and 0.20 
m in diameter that was centered on the base of each plant with the intent of obtaining as 
much of the radicle and seminal roots as possible.  This varied somewhat depending on 
soil conditions and surrounding plants.  The roots of the plants were placed in buckets of 
water to soak and then agitated gently to quickly remove most of the soil.  The plants 
were then placed in bags and put in a cooler with ice for transport back to the lab. On 
June 19, 2013 (42 DAP), a total of 10 corn plant samples were carefully extracted from 
each “late” plot. The number of samples obtained per plot was reduced after first 
sampling date because of the time needed to process and measure the plants. On June 9, 
2014 (47 DAP) and June 23, 2014 (48 DAP), a total of 10 corn plant samples were 
harvested from the early and late plots, respectively.  
The corn samples were carefully washed of any remaining soil. Growth stage, 
extended leaf height, corn shoot dry weight, radicle length, incidence of radicle disease, 
and incidence of mesocotyl disease were measured. Growth stage was determined with 
the leaf collar method, where the developmental stage of the plant can be determined by 
counting the number of visible leaf collars (Abendroth et al., 2011), while leaf height was 
recorded as the distance between the bottom of the coleoptile and the tip of the longest 
extended leaf. Radicle length of the primary or first root of the corn seedling was 
measured from where it emerged from the seed to its tip. Incidence of radicle and 
mesocotyl disease was measured by the presence of any tissue discoloration or necrosis 
that was visible. Data were reported as the fraction of plants from a treatment plot that 
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had a radicle or mesocotyl with visible signs of infection. Corn shoot dry weight was 
calculated by drying the corn shoots at 60°C for several days and reported as the weight 
per plant. Unfortunately, corn shoot samples for 2014 were inadvertently discarded 
without weighing so these data are not available. 
The corn roots were removed from the whole plant sample, the radicle and 
seminal roots were cut into 2-cm segments, surface sterilized for 2 minutes with a 1% 
bleach solution (5.25% sodium hypocholorite), rinsed with distilled sterile water three 
times, and plated on Fusarium-selective (Komada) and Pythium-selective (PARP) agar 
media. (Komada, 1976; Martin, 1992) The samples were randomly selected from a 
mixture of radicle and seminal root segments, and a total of 6 root segments were placed 
on each agar plate. The resulting agar plates were monitored for 7 days, and the 
formation of new fungal colonies was documented. The total number of root segments 
infected and the total number of fungal infections were observed for each agar plate, and 
later compared between agar types and treatments.  
In 2013, all corn ears in the two-row 15.2 m observation area were removed 
before harvesting each plot, and the resulting grain and moisture data were used to 
estimate yield. In 2014, corn yield was determined by using a combine with a specially 
designed weigh tank located inside the grain storage tank of the combine with a moisture 
meter attached. An area three-rows wide was harvested from the middle of each plot, and 
plot length and width (15.2 m x 1.52 m) were a predetermined area. Plot area, corn grain 
weight, and corn moisture were used to determine yields.  
All field data were analyzed with SAS using PROC GLM as a split plot design 
with cereal rye cover crop treatments as whole plots and corn planting dates as split plots 
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(SAS Institute, 2014).  Main effects or the interaction were considered significant at 
P≤0.05. 
Results & Discussion 
The objective of this experiment was to observe how a rye cover crop and corn 
planting dates affected corn performance and yields, and to determine if any reductions 
were caused by soil fungal pathogens such as Fusarium and Pythium. Our hypothesis was 
that corn following no cover crop will exhibit greater performance and less fungal 
infections than corn following a cereal rye cover crop. The data gathered from this 
experiment helped us to develop management strategies that reduce seedling infection 
and improve performance in corn following cereal rye cover crops. 
Rye Biomass 
Rye biomass samples collected before early corn planting yielded an average of  
54.4 ± 1.2 g m-2 in 2013 and 71.1 ± 5.1 g m-2 in 2014. Late corn planting rye biomass 
samples were greater than the early planting samples, yielding an average of 70.0 ± 11.2 
g m-2 in 2013 and 191.8 ± 10.1 g m-2 in 2014. The relatively small increase in the late 
planting rye biomass samples of 2013 is likely due to the cold, wet spring experienced 
that year. The growing season was warmer in 2014, allowing for greater rye growth.  
Corn Shoot and Root Measurements 
The population of corn measured earlier and later in the season of 2013 was not 
significantly affected by the planting date or cover crop treatment (Table 13). The main 
effects of planting date and cover crop treatment, and the interaction between planting 
date and cover crop treatment, were not significant. The population of corn in 2014 
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measured both earlier and later in the season was significantly affected by planting date 
and cover crop treatment (Table 14).  Early season corn population was reduced 9% by 
the rye treatments and 32% by the early planting date treatment.  Similarly, corn planted 
early had a late season population that was 19% less than corn planted late and the rye 
treatments decreased population by 12% compared to corn planted after no cover crop 
treatments. In comparison, Johnson et al. (1993) observed stand reductions in corn 
following a rye cover crop, but the cover crop was mowed, creating a mulch that affected 
seed germination and emergence. The interaction between the planting date and cover 
crop treatment was significant in the population counts taken in the late season of 2014, 
where the relative decrease in corn population following a rye cover crop was much 
greater at the early planting date than the late planting date. In contrast, Duiker and 
Curran (2005) found that corn planted at later planting dates after a cover crop resulted in 
lower corn populations in one of three years. However, they commented that soil 
conditions were much wetter at the later planting date in the one year when yield 
reductions occurred and this resulted in poor seed furrow closure. Thus in our study, in 
one of two years corn population was reduced at the early planting date especially 
following a rye cover crop.   
Leaf stage was significantly affected by planting date in 2013 and 2014 (Table 
15). In both years, corn planted later showed an average 44% increase in leaf stage at the 
time it was sampled when compared to corn planted early. The main effect of cover crop 
treatment on leaf stage was not significant in 2013 or 2014. The interaction between 
planting date treatment and cover crop treatment was not significant in either year. Sainju 
and Singh (2001) found that delaying hairy vetch cover crop termination and corn 
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planting by just 2 weeks could increase the accumulation of soil mineral N available and 
corn N uptake. In our study, cereal rye, a non-legume would be assumed to have the 
opposite effect at the later planting and termination and probably reduced soil N and there 
was no interaction between planting date and cover crop treatments.  Therefore, the 
increase in developmental stage in our late planted corn plots at the time of sampling was 
probably due to the warmer temperatures compared to the early planting date. While our 
study did not observe any significant differences in leaf stage with regards to the cover 
crop treatment, a study by Raimbault et al. (1990) found that corn following a rye cover 
crop displayed developmental delays when compared with corn following no cover crop. 
Their research concluded that cultivation by tandem discing and moldboard plowing 
helped to reverse this effect, but that comparative yields in corn following no cover crop 
were still higher than those of corn following a rye cover crop. Other studies utilizing 
several cereal rye cultivars have found that leaf stage is affected by the cereal cover crop 
cultivar treatment, but not between the average of all cover crop treatments and the no 
cover crop treatment (Tollenaar et al., 1993).  
The extended leaf height of corn plants was significantly affected by planting date 
in both 2013 and 2014 and by cover crop treatment in 2013 (Table 15). In 2013, corn 
following a rye cover crop had leaves that were only 80% as long as corn plants 
following no cover crop, while corn planted earlier had a 48% reduction in leaf height 
when compared to corn planted later. In 2014, corn planted later showed a 123% increase 
in leaf height when compared to corn planted early. A study by Johnson et al. (1993) 
observed the effects of soybean stubble, cereal rye, and hairy vetch on corn yield and 
growth. Their data indicate that corn following a rye cover crop was noticeably more 
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yellow than corn following soybean stubble or a hairy vetch cover crop, and that corn 
following a rye cover crop displayed height and yield reductions. These observations 
suggest that N immobilization by the rye cover crop caused lower N availability to the 
following corn crop. Another study by Tollenaar et al. (1993) also found that corn 
following a rye cover crop was shorter than corn following no cover crop. The difference 
between our findings and others' in the effects of a rye cover crop on corn height is 
possibly due to environmental effects in 2013. However, we are uncertain as to the exact 
cause of the reduction in leaf height in corn following a rye cover crop, as N was applied 
after planting and no deficiency symptoms were visible.  
The radicle length of corn plants sampled was significantly affected by planting 
date in 2014, where corn planted later showed a 27% increase in radicle length compared 
to corn planted early (Table 16). The main effect of cover crop treatment on radicle 
length was not significant in 2013 or 2014. The interaction between planting date 
treatment and cover crop treatment was not significant for 2013 or 2014. The increase in 
radicle length in late planted corn may be due to warmer temperatures, allowing for more 
rapid plant growth. In the growth chamber experiments described in chapter 2 of this 
thesis, we observed a consistent reduction in corn radicle length following a rye cover 
crop. The cover crop treatment in these field experiments did not produce any significant 
differences in radicle length when following rye. However, this may have been due to our 
inability to reliably harvest the entire length of the corn radicle in the field. Other studies 
are in agreement with these findings and have shown that cereal rye extracts do not 
inhibit root length in cash crops (Ben-Hammouda et al., 2000).  
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The main effect of cover crop treatment on radicle infection was significant in 
2013, but not in 2014 (Table 16). In 2014, all treatments had greater than 80% radicle 
infections. This may have indicated that there was plenty of pathogen inoculum in the 
soil or that environmental conditions were favorable for infection so that the presence of 
the rye cover crop did not matter. In 2013, radicle infection was greater following a rye 
cover crop than for the no rye treatment and this is in line with our hypothesis that a 
cereal rye cover crop is a green bridge for corn pathogens. The fraction of diseased 
radicles was significantly affected by planting date in 2014, where corn planted earlier 
displayed an infection rate that was 16% lower than rates in corn planted later. This was 
surprising as we expected the earlier planted treatments to show a higher incidence of 
radicle infection because normally earlier planting dates would be exposed to cooler and 
wetter soil conditions that would be conducive to root pathogens. Plants following rye 
also were shorter and had fewer leaves in 2013, but had no reductions in plant population, 
so there may be a link between radicle infection and shoot growth, but not population. 
Conversely, in 2014 plants at the later planting dates had greater levels of radicle 
infection, but also had bigger shoots, longer radicles, and greater plant populations. The 
interaction between planting date treatment and cover crop treatment was not significant 
in 2013 or 2014. Thus, radicle root infections were greater following a rye cover crop in 
one of the two years, but early planting dates did not have more radicle infections than 
later dates.  
The fraction of diseased mesocotyls was significantly affected by planting date in 
2014, where corn planted late had more than twice as many mesocotyl infections than 
corn planted early (Table 17). The main effect of the cover crop treatments on the 
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fraction of diseased mesocotyls was not significant in 2013 or 2014. The main effect of 
planting date on the fraction of diseased mesocotyls was not significant in 2013. The 
interaction between planting date treatment and cover crop treatment was not significant 
for 2013 or 2014. Like the increased radicle infection at the later planting date in 2014, 
either conditions were more favorable for radicle or mesocotyl infection after the late 
planting date than after the early planting date or the infections were more advanced and 
thus more visible when the late planting date treatments were sampled.  In any case, there 
was no evidence that corn plants following cereal rye cover crops had greater levels of 
mesocotyl infection. 
The average corn shoot dry weight per weight was recorded for 2013 only, and 
was significantly affected by planting date (Table 17). Corn planted late showed a 484% 
increase in dry weight when compared to corn planted early. This may have been due to 
the extremely wet and cool conditions present in 2013 during the growth of the early corn 
plants. The main effect of the cover crop treatment on corn shoot dry weight was not 
significant. The interaction between planting date treatment and cover crop treatment also 
was not significant. A study by Wagger (1989) compared the growth of corn following 
crimson clover, hairy vetch, and rye cover crops and found that corn dry weights were 
higher in corn following legume cover crops. Wagger suggested that legume cover crops 
decompose and release N more rapidly than cereal rye and that the extra N accounted for 
the greater growth. In our experiment, we did not measure a significant cover crop effect 
on shoot dry weight. 
The average corn yield was significantly affected by cover crop treatment in 2014 
(Table 18). Corn following no cover crop had yields that were 22% greater than corn 
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following a rye cover crop. The main effect of planting date on corn yield was not 
significant in 2013 or 2014. The interaction between planting date and cover crop 
treatment was not significant in 2013 or 2014. Because of the high level of N fertilization 
used in our study, we do not believe that the cause of this yield reduction was likely due 
to the immobilization of N by the rye cover crop. These data are supported by a study 
from Raimbault et al. (1991), that found that the yields for corn following a rye cover 
crop did not respond to additional N applications, and that corn yields increased when rye 
was terminated at least 2 weeks before corn planting rather than killed just before corn 
planting. Additionally, in our study, the rye cover crop resulted in reduced plant 
populations in 2014 and it is likely that yield was limited to some extent by plant 
population.  We also noted that some of the reduction in plant population was due to poor 
planter performance in the rye treatment plots, but some reduction in population may 
have occurred because of plants that died because of infection. These plants may have 
already been gone by the time plant samples were taken. Other studies have also 
observed corn yield decreases following a rye cover crop. Another study by Raimbault et 
al. (1990) utilized different tillage systems when monitoring the effect of a rye cover crop 
on corn. They found that corn planted directly after killing the rye cover crop had yields 
that were at least 11% lower than corn following no cover crop. A study by Johnson et al. 
(1993) also found that corn yields were lower when following a rye cover crop. In 
contrast, other studies found that corn yields were unaffected or improved by the 
presence of a rye cover crop (Duiker and Curran, 2005; Kuo and Jellum, 2002; Swanton 
et al., 1999).  
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Fungal Colonization 
Corn planted later had Pythium infection rates that were 80% greater than corn 
planted early (Table 19). Because some Pythium spp. favor warm, wet weather, these 
infections could have been stimulated by the sporadic warm, rainy days in mid-May. 
Cover crop treatment had no significant effect on Pythium infection rates. The number of 
Fusarium infections in 2013 was not significant for planting date, cover crop treatment, 
or their interaction. The numbers of observed Pythium and Fusarium infections observed 
in 2014 were not significant for the cover crop treatment, planting date treatment, or their 
interaction (Table 20). The wet conditions in the spring of 2013 and 2014 and the 
background levels may have encouraged fungal colonization regardless of the cover crop 
treatment or planting date treatment. The population of Fusarium spp. was greater than 
that of the Pythium spp. in both 2013 and 2014, and this was likely caused by the 
prevalence of these fungi at the field site. Additionally, the procedures used for sampling 
and preparing the roots and the sample media used may not have been suitable for a 
quantitative measure of relative abundance because frequently a single infection site 
would produce hyphae that rapidly overgrew the whole plate. 
 
Summary and Conclusions 
We hypothesized that corn following no cover crop would exhibit greater 
performance and have less fungal infections than corn following a cereal rye cover crop. 
We also hypothesized that the early planted corn would have more fungal infections and 
a greater response to the rye cover crop than later planted corn. This experiment indicates 
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that there is a small inconsistent relationship between corn performance and the presence 
of a cereal rye cover crop. Most of the corn measurements were significantly influenced 
by planting date treatment, but not the cover crop treatment. The late planted corn 
showed improved leaf development, leaf height, corn shoot dry weight, and radicle 
length, as well as more fungal infections in the radicle and mesocotyl. The cereal rye 
cover crop significantly reduced corn leaf heights and leaf stage in 2013, increased 
radicle infection in 2013, and reduced corn population and yield in 2014.  
These data suggest that the effect of a cereal rye cover crop on corn in field 
conditions is variable, and may be dependent on environmental conditions as well as corn 
planting date. While we observed some rye effects on growth and infection, these effects 
did not occur in the same year as plant population and yield decreases.  It is possible that 
we did not observe many significant differences in corn performance because other 
factors reduced potential growth of the corn following no cover crop. Another possibility 
is the background levels of corn seedling soil pathogens are high enough that the 
presence of a rye cover crop before corn does not matter in incidence of infection of corn 
seedlings.  Regardless, we would still suggest extending the interval between rye 
termination and corn planting to 14 days, especially if large amounts of rye biomass are 
present on the soil surface. A longer interval would allow soil fungal pathogen 
populations to decrease and residues to break down to some extent before planting corn.  
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       Figure 1. Mean temperature and precipitation from April 15th to June 15th in 2013. 
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       Figure 2. Mean temperature and precipitation from April 15th to June 15th in 2014. 
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Treatment
Early season 
population
Late season 
population
Cover Crop
No Rye 78,625 a 77,918 a
Rye 79,115 a 80,640 a
C (Pr > F) 0.73 0.09
Planting Date
Early 79,660 a 80,043 a
Late 78,083 a 78,518 a
P (Pr > F) 0.28 0.32
Early/No Rye 80,043 a 79,388 a
Early/Rye 79,280 a 80,695 a
Late/No Rye 77,210 a 76,448 a
Late/Rye 78,953 a 80,585 a
C x P (Pr > F) 0.39 0.35
  ̶ ̶ ̶̶ ̶ ̶  ̶  ̶ ̶̶ ̶ ̶  ̶  ̶̶  plants ha
-1
  ̶ ̶ ̶ ̶ ̶  ̶ ̶ ̶̶ ̶̶ ̶ ̶  ̶̶̶ ̶ ̶̶
1
Means within cover crop or seed treatments followed by the same 
letter do not differ at P≤0.05.
Table 13. Effect of planting date and cover crop on population of 
corn in field experiments of 2013.
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Treatment
Early season 
population
Late season 
population
Cover Crop
No Rye 71,525 b 75,750 b
Rye 65,123 a 66,385 a
C (Pr > F) 0.05 0.01
Planting Date
Early 55,365 a 63,773 a
Late 81,283 b 78,365 b
P (Pr > F) 0.01 0.01
Early/No Rye 60,200 a 72,570 b
Early/Rye 50,530 a 54,973 a
Late/No Rye 82,850 a 78,930 b
Late/Rye 79,715 a 77,798 b
C x S (Pr > F) 0.30 0.01
1
Means within cover crop or seed treatments followed by the same 
letter do not differ at P≤0.05.
Table 14. Effect of planting date and cover crop on population of 
corn in field experiments of 2014.
  ̶ ̶ ̶̶ ̶ ̶  ̶  ̶ ̶̶ ̶ ̶  ̶  ̶̶  plants ha
-1
  ̶ ̶ ̶ ̶ ̶  ̶ ̶ ̶̶ ̶̶ ̶ ̶  ̶̶̶ ̶ ̶̶
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Year Treatment Leaf stage
Extended leaf 
height
Year Leaf stage
Extended leaf 
height
2013  ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶  cm  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶̶̶ ̶ ̶̶ 2014  ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶  cm  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶̶̶ ̶ ̶̶
Cover Crop (C)
No Rye 4.7 a 47.8 b 5.7 a 71.9 a
Rye 4.5 a 38.1 a 5.6 a 72.2 a
C (Pr > F) 0.06 0.02 0.46 0.87
Planting Date (P)
Early 3.8 a 29.3 a 4.5 a 44.6 a
Late 5.3 b 56.5 b 6.7 b 99.4 b
P (Pr > F) 0.01 0.01 0.01 0.01
Early/No Rye 4.1 a 33.4 a 4.6 a 44.9 a
Early/Rye 3.6 a 25.3 a 4.5 a 44.4 a
Late/No Rye 5.4 a 62.3 a 6.5 a 98.9 a
Late/Rye 5.3 a 50.8 a 6.8 a 100.0 a
C x S (Pr > F) 0.21 0.66 0.24 0.64
1
Means within cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
Table 15. Effect of planting date and cover crop on corn leaf stage and leaf height in field experiments of 2013 & 
2014.
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Year Treatment
Radicle 
length
Fraction of 
diseased radicles
Year
Radicle 
length
Fraction of 
diseased radicles
2013  ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶  cm  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶̶̶ ̶ ̶̶ 2014  ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶  cm  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶̶̶ ̶ ̶̶
Cover Crop (C)
No Rye 11.4 a 0.51 a 10.3 a 0.93 a
Rye 10.3 a 0.79 b 9.2 a 0.91 a
C (Pr > F) 0.36 0.05 0.16 0.76
Planting Date (P)
Early 10.2 a 0.56 a 8.2 a 0.84 a
Late 11.4 a 0.74 a 11.3 b 1.00 b
P (Pr > F) 0.32 0.21 0.01 0.03
Early/No Rye 11.0 a 0.42 a 9.1 a 0.86 a
Early/Rye  9.4 a 0.71 a 7.4 a 0.82 a
Late/No Rye 11.8 a 0.60 a 11.5 a 1.00 a
Late/Rye 11.1 a 0.88 a 11.1 a 1.00 a
C x S (Pr > F) 0.72 0.96 0.37 0.76
1
Means within cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
Table 16. Effect of planting date and cover crop on corn radicle length and fraction of diseased radicles in field 
experiments of 2013 & 2014.
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Year Treatment
Fraction of 
mesocotyl 
diseased
Corn weight per 
plant
Year
Fraction of 
mesocotyl 
diseased
2013  ̶ ̶ ̶̶ ̶ ̶  ̶ ̶ ̶̶  g  ̶ ̶ ̶̶ ̶ ̶ ̶̶ ̶ ̶̶̶ ̶ ̶̶ 2014
Cover Crop (C)
No Rye 0.47 a 2.96 a 0.23 a
Rye 0.56 a 1.69 a 0.32 a
C (Pr > F) 0.53 0.09 0.22
Planting Date (P)
Early 0.37 a 0.68 a 0.17 a
Late 0.66 a 3.97 b 0.39 b
P (Pr > F) 0.06 0.01 0.01
Early/No Rye 0.27 a 0.92 a 0.12 a
Early/Rye 0.48 a 0.44 a 0.22 a
Late/No Rye 0.68 a 5.00 a 0.34 a
Late/Rye 0.65 a 2.94 a 0.43 a
C x S (Pr > F) 0.42 0.28 0.90
Table 17. Effect of planting date and cover crop on fraction of diseased mesocotyls and corn 
shoot dry weight in field experiments of 2013 & 2014.
1
Means within cover crop or seed treatments followed by the same letter do not differ at 
P≤0.05.
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Year Treatment Yield Year Yield
2013  ̶ ̶ ̶̶ ̶ ̶̶  Mg ha
-1  ̶ ̶ ̶̶̶ ̶̶ ̶̶̶ 2014  ̶ ̶ ̶̶ ̶ ̶̶  Mg ha
-1  ̶ ̶ ̶̶̶ ̶̶ ̶̶̶
Cover Crop (C)
No Rye 10.89 a 11.24 b
Rye 10.42 a 9.19 a
C (Pr > F) 0.25 0.01
Planting Date (P)
Early 10.74 a 9.95 a
Late 10.57 a 10.48 a
P (Pr > F) 0.69 0.30
Early/No Rye 10.95 a 10.97 a
Early/Rye 10.52 a   8.93 a
Late/No Rye 10.84 a 11.51 a
Late/Rye 10.31 a   9.44 a
C x S (Pr > F) 0.90 0.97
Table 18. Effect of planting date and cover crop on corn yield in field 
experiments of 2013 & 2014.
1
Means within cover crop or seed treatments followed by the same letter 
do not differ at P≤0.05
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Fungal genus Treatment Infection rate2 Fungal genus Infection rate2
Fusarium Pythium
Cover Crop (C)
No Rye 40.1 a 18.7 a
Rye 37.9 a 17.3 a
C (Pr > F) 0.49 0.59
Planting Date (P)
Early 41.3 a 14.2 a
Late 34.4 a 25.6 b
P (Pr > F) 0.30 0.01
Early/No Rye 40.2 a 14.5 a
Early/Rye 42.4 a 13.9 a
Late/No Rye 40.0 a 27.2 a
Late/Rye 28.9 a 24.1 a
C x S (Pr > F) 0.31 0.71
Table 19. Effect of planting date and cover crop on Fusarium  and Pythium  infection rates in 
field experiments of 2013.
1
Means within cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
2
Infection rate is calculated as the average number of Fusarium or Pythium  infections per 100 
cm of root.
79 
 
 
 
 
 
 
 
 
Fungal genus Treatment Infection rate
2 Fungal genus Infection rate
2
Fusarium Pythium
Cover Crop (C)
No Rye 53.9 a 15.0 a
Rye 54.3 a 15.9 a
C (Pr > F) 0.98 0.84
Planting Date (P)
Early 62.2 a 16.7 a
Late 46.0 a 14.3 a
P (Pr > F) 0.19 0.59
Early/No Rye 62.5 a 12.3 a
Early/Rye 61.9 a 21.0 a
Late/No Rye 45.3 a 17.8 a
Late/Rye 46.7 a 10.8 a
C x S (Pr > F) 0.94 0.09
Table 20. Effect of planting date and cover crop on Fusarium  and Pythium  infection rates in 
field experiments of 2014.
1
Means within cover crop or seed treatments followed by the same letter do not differ at P≤0.05.
2
Infection rate is calculated as the average number of Fusarium or Pythium  infections per 100 
cm of root.
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CHAPTER IV: GENERAL CONCLUSIONS 
 
Cover crops have the ability to sustain and improve soil quality by lessening the 
effects of soil erosion and nutrient losses via runoff and leaching. Cereal rye is commonly 
used as a cover crop in the Midwest, where its tolerance to cold temperatures, ease of 
establishment, relatively rapid accumulation of biomass, and ability to scavenge and 
stabilize N make it a viable management option. But occasionally a cereal rye cover crop 
has detrimental effects on the growth and yields of the following corn crop. Many studies 
have attempted to associate this yield reduction with the natural allelopathic effects of the 
cereal rye plant, but there have been no studies investigating the relationship of cover 
crops and the overwintering of soil fungal pathogens in corn.  
The objective of our research was to determine whether a cereal rye cover crop 
would negatively affect corn growth and yields by acting as a “green bridge” for soil 
fungal pathogens. To optimize the time period in which the most fungal infections would 
take place, all of our experiments used an interval of no more than 3 days between the 
termination of the cover crop and the planting of corn. We also examined the effect that 
corn fungicide seed coating and corn planting dates had on fungal infection rates and corn 
performance. We hypothesized that a living cereal rye cover crop would sustain larger 
populations of soil fungal pathogens such as Fusarium sp. and Pythium sp. throughout 
the winter, causing greater infection rates in corn seedlings, and that corn planted at 
earlier dates in the field would be more susceptible to fungal infection because of the 
colder and wetter soil conditions. 
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Corn shoot and root growth was reduced by a cereal rye cover crop in the 
controlled chamber experiments, but the effect of the fungicide seed treatment was 
variable. Corn root length and infection rates were greatly affected by a cereal rye cover 
crop, where corn following rye had shorter radicles that were infected nearly 100% of the 
time. Since these experiments were conducted in a controlled chamber, conditions were 
kept uniformly cold and wet, and this improved the consistency of our results. The 
fungicide seed coating did not appear to prevent fungal root infection in corn following a 
rye cover crop. The effect of other cover crop species on corn growth varied, but corn 
following cereal rye still had greater infection rates and shorter radicles than corn 
following a hairy vetch or canola cover crop. These results strongly suggest that soil 
fungal pathogens are being transferred from dying cereal rye cover crops, and that they 
adversely affect corn root and shoot growth.  
In the field experiments, corn planting dates had a larger impact on corn shoot and 
root growth than cover crop treatment. Corn planted at later dates exhibited greater corn 
shoot development, but had greater root infection rates than corn planted early. This may 
be due to warmer conditions present during critical growth periods in the later planted 
corn.  The lack of differences between the cover crop treatments may have been caused 
by other unknown factors reducing the growth and development of corn following no 
cover crop, which reduced the relative differences between it and corn following rye. The 
effect of the cereal rye cover crop treatment was variable in the field experiments. Corn 
following a cereal rye cover crop did show reductions in corn development, population, 
and yields, but these data were often not consistent for both years. 
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Cover crops give a sustainable advantage to modern cropping systems, but the use 
of cereal rye as a winter cover crop may lead to decreased corn shoot and root growth and 
increased fungal infection rates in some years. Although we did not study the interval 
between cereal rye termination and corn planting, we would suggest lengthening the 
interval between rye termination and corn planting from the 3 days or less used in our 
experiments to at least 14 days, so that fungal pathogen populations may decrease as the 
rye root residues breakdown more fully. Exploring other cover crop species, specifically 
non-grasses, may be another viable option where the numbers and effects of fungal 
pathogens may decrease when corn is not following a grass. 
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